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SOME AERODYNAMIC PROPERTIES OF THREE 105mm SHELL,
M1, T377 AND T107

ABSTRACT

The drag and some yaw properties of three 105-mm shell, M1, T377, and

-, T107 shell are presented. These data were obtained from Transonic Range

firings.
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Axial moment of inertia
Transverse moment of inertia
Diameter
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Drag coefficient

Overturning moment coefficient
Lift force coefficient
Damping moment coefficient

Magnus moment coefficient

Mean squared yaw

Yaw drag coefficient

Yaw damping rates
Gyroscopic stability factor
Dynamic stability factor
Number of yaw observations
Number of time observations
Error in yaw fit

Error in swerve fit

Size of yaw arms at mid range
Turning rates of yaw arms
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INTRODUCT ION

There are some special 105-mm shell under current development that are
to match the ballistics of the standard 105-mm shell M1. The 105-mm shell
T107 and T377 are in this category. The T107 is not exactly similar to the
Ml in external shape and early tests indicated that a drag match was improba-
ble. The T377 is, in effect, a second attempt and has essentially the same
contour as the M1l shell. Firings were made in the BRL Transonic Rangel, with
shell furnished by Picatinny Arsenal, to test the drag match and other

aerodynamic properties.

The shell were launched from a 105-mm Howitzer tube (1-20 twist) mounted
on an M7 motor carriage. The T107 shell were tested over a range of Mach
numbers, 0.65 to 1.28, and the T377 at M = 1.35. Some Ml shell were also
fired to verify the drag coefficient given in Reference 2, and to extend the
curve to M = 1.35. The physical properties of the different shell are given

in Figure 1.

Drag Coefficient

The drag force coefficient, KD, was obtained by fitting a cubic equation
to the time - distance data for each round. These data {Tables 1, 2 and 3)
were then reduced to zero-yaw by the relationship Kb = KD + KD 262. The yaw-
o o}

drag coefficient, KD 07 for the T377 and the M1, at M = 1.35, are given in
: o)
Figure 2. Kb 5 = 7.12 + 1.3 (square radians)-l for the T377, and 3.2 + 0.8
5 z Z
for the Ml. The difference in KD > is attributed to slight differences in
o}

shell contours. A comparison of the shadowgraphs (Fig. 3 and 4) shows extra
shocks on the bourrelet and at the base plug, for the T3T77 shell. The
bourrelet difference may be due to a lot-to-lot variation in shell. Generally
these shell would be expected to fly at yaws of less than one degree and if

this is the case, the noted difference in KD 5 would not markedly affect the
o}

drag property of the T377 shell relative to the Ml.



The scarcity of data at any one Mach number prevented the determination

of KD 5 for the T107. In order to obtain KD for the T107, values for KD 5
® o] o)
of the M1 shell2 were assumed; K, , = 2.4 for subsonic speeds, Ky p = b7
B o)
for supersonic speeds. A shadowgraph of the T107 is given in Figure 5.

From the drag curve, (Figure 6) it is seen that the T3T7 and M1 agree
at the velocity tested. The curve for the T107 is somewhat higher than that

of the M1 and also has a different slope in the supersonic region.

STABILITY PROPERTIES OF THE T377 SHELL VERSUS THE M1 SHELL

While the basic purpose of the program was to establish the existence
of a ballistic match with respect to drag, the other aerodynamic properties
of the shell are also somewhat important. If the stability, damping, or
sensitivity to initial conditions were to be much different, the average
flight yawing pattern might be different enough to create a mismatch through
yaw induced drag. The c.g. of the T377 shell is 0.09 calibers further from
the base than the c.g. of the M1 shell. The test results (Tables 1 and 2)
indicate that the 1lift force, Ki 5 1s in agreement. By correcting KM and KT

to the c.g. position of the Mlz we see that they are in agreement. However,
there is a difference in the damping moment coefficient, KH-KMA, for the

two shell. The T377 shell have the greater damping (KH—K'MA = 4.4) while
KH-KMA = 2.7 for the Ml1. This might be due to the presence of the base plate
on the T377. This, of course, will be reflected in a change in the physical
damping of the shell in flight; but if the shell is launched at small yaws,
it should not be a large enough effect to alter the ballistic match.

CONCLUSION

The T377 shell can be considered to be a ballistic match of the M1 shell
with respect to drag properties. Minor difference in the damping properties

probably will not effect the match in practice.

The T107 shell is not a ballistic match with the M1 shell.

Spei® Fopm

6 EUGENE D. BOYER
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TABLE 1-A

AERODYNAMIC COEFFICIENTS

Ml - LOT NPK -30-20-1956

/z

WITH DUMMY FUZE MT>3

© i D (DEG. ) M E 5% K % S s
486k 675 L0475 .88

4865 685 .ouB1 1.20

L4863 LOu6 L1610 .62

4862 056 1636 .93

4860 105 L1669 1.37

4861 115 162k 75

4867 207 .1619 1.40

LE66 .210  .1608 .95

4,868 281 .1555 1.54

4869 .288 1563 .53

4730 353 L1517 45

4739 355 L1547 1.81 1.m1 LTh 2.45 -.03 k2 2.7 .79
4740 355 .15%6 1.60 1.5h4 LTh 3.00 .01 .8 2.7 L7
W7%5 356 L1513 1.05

7Ll .359  .1507 .50 1.51
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TABLE 1-B

REDUCTION AND MOTION PARAMETERS

1

X

h

Z

XlxlO

3

szlO

3

(RaD) (FT) (RAD) (RAD) (DEG/FT) (DEG/FT) (PD)' (PT)' m

4864
4865
4863
L862
4860
4861
4867
L4866
4868
4869
4730
k739
4740
4735
L7kl

.002

.002

.008

.006

.020

017

.024

.022

4.90
4.92

.56
57

43
.64

.25
.14

20

2k

12
12
12
1k
12
12
1k
10

12

12
11
15
14



TABLE 2-A

AERODYNAMIC COEFFICIENTS

T377 - LOT S134
WITH DUMMY FUZE MT3

oow K fF s g Kemy KoK s S

(DEG. )
hrho  1.340  .1606 1.99 1.6 .74 L.21  -.04 .3k 2.8 .52
4Th1  1.345 1554 1.29 1.45 .71 4.85 -.06 .32 2.8 .53
473  1.350  .1520 .84
4731 1.352  .1548 .80
4732 1.354  .1529 T

TABLE 2-B

REDUCTION AND MOTION PARAMETERS

RD €y € Ky K, ¢; ¢; xlxloi xleoi .
(rap) (FEET) (RAD) (RAD) (DEG/FT) (DEG/FT) (FT) ™ (FT) ™ N T

Lrhk2  .002  .007 .020  .028 5.06 .57 87 22 2212
4741 .002  .0l0 .012  .019 5.0k 57 .9k .25 2212
4736 13
§731 9
4732 10

10



RD

4692
4690
4688
4689
4683
4684
4685
4682

4687

M

662
.869
.976

1.024

.051
.090
.100
.202
277
277

TAB

DRAG DATA
T107 LOT LANSCO 4-57
WITH DUMMY FUZE MT73

LE 3

e

.0562

0579
.1027

.1611
.1656
1749

1726
.1665

.1609

11

o}
DEG.

e
& W o

® o
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PHYSICAL PROPERTIES—105mm SHELL

4.09"
—
- o - - -
CM
2
MI T377 TIO7
WT. Ibs. 32.12 32.12 30.05
A Ibs. IN? 78.75 74.58 73.33
B Ibs. IN? 770.8 710.9 756.9
CM IN 7.16 7.53 7.54
2 N 19.36 19.40 19.67

FiG. |
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DRAG COEFFICIENT
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MEAN SQUARED YAW
M=[.35
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FIG. 2
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FIGURE 4
M1
M= 1.35







9 "Oid

2 .
b ¢l 21 ¥ Ol 6 g L 9 G
4 %0
0
——
{90
0iL © {80
LLEL 7
{or
420
{ o1
o
JIgGNNN HOVIN °g

SA
AN3I0144300 9VHA MVA-043Z

1?7




No.

Copies

2

10

DISTRIBUTION LIST

No. of
Cogies

Chief of Ordnance 2
Department of the Army
Washington 25, D. C.
Attn: ORDTB - Bal Sec
ORDIW

Organization

British Joint Services Mission 1
1800 K Street, N. W.
Washington 6, D. C.
Attn: Mr. John Izzard,
Reports Officer

Canadian Army Staff 1
2450 Massachusetts Avenue
Washington 8, D. C.

Chief, Bureau of Ordnance

Department of the Navy

Washington 25, D. C.

Attn: ReO 10

Commander
U. S. Naval Proving Ground
Dahlgren, Virginia

Commander 1
Naval Ordnance Laboratory
White Osk
Silver Spring, Maryland
Attn: Mr. Nestingen
Mr. May

Commander
U. S. Naval Air Missile Test
Center
Point Mugu, California p)

Commanding Officer and Director
David W. Taylor Model Basin
Washington 7, D. C.

Attn: Aerodynamics laboratory

Commander

Naval Air Development Center
Johnsville, Pennsylvania

19

Organization

Commander

U, S. Naval Ordnance Test
Station

China Iake, California

Attn: Technical Library

Commanding Officer and
Director

Naval Research lLaboratory

Washington 25, D. C.

Attn: Code 2021

Commander
Arnold Engineering Development
Center
Tullahoma, Tennessee
Attn: Deputy Chief of Staff,
R&D

Director

Armed Services Technical
Information Agency

Arlington Hall Station

Arlington 12, Virginia

Commanding General
Continental Army Command
Fort Monroe, Virginia

Attn: Asst Chief of Staff
for Dev. & Test
" President

U, 8. Army Artillery Board
Fort Sill, Oklahoma

Director

National Advisory Committee
for Aeronautics

1512 H Street, N. W.

Washington 25, D, C.

Director
National Advisory Committee
for Aeronautics
Ames Iaboratory
Moffett Field, California
Attn: Dr. A. C. Charters
Mr. H. J. Allen



No. of

Copies

DISTRIBUTION LIST

No. of
Organization Copies
Chief, Armed Forces Specilal 2
Weapons Project
Washington 25, D. C.
Attn: Capt. Bert ¥F. Brown,USN
Commanding Officer
U. S. Army Chemical Warfare 1
Iaboratories
Army Chemical Center, Maryland
Commander
Army Rocket & Guided Missile
Agency
Redstone Arsenal, Alabams 1
Attn: Technical Library,
ORDXR-0TL

Commaending Officer

Picatinny Arsenal

Dover, New Jersey

Attn: BSamuel Feltman 1
Ammunition labs.

Commanding General

Frankford Arsenal

Philadelphia 37, Penngylvania 1
Attn: Reports Group

Director, JPL Ord Corps
Installation
Department of the Army
4800 Oak Grove Drive 1
Pasadena 5, California
Attn: Mr. Irl E. Newlan
Reports Group

The Johns Hopkins University 1
Operations Research Office

6935 Arlington Avenue

Bethesda 14, Maryland

20

Organization

Applied Physics Laboratory

8621 Georgia Avenue

Silver Spring, Maryland

Attn: Mr. George L.
Seielstad

Bell Telephone laboratories,
Inc.

North Carolina ILaboratory

Lexington Road

Winston-Salem, North Carolina

Attn: HDM - 883

Cornell Aeronautical Ilab.,
Inc.
L4555 Genesee Street
Buffalo 5, New York
Attn: Miss Elma T. Evans
Librarian

Dr. A. E. Puckett

Hughes Aircraft Company
Florence Avenue at Teal St.
Culver City, California

Dr. C. B. Millikan

Guggenheim Aeronautical Iab.

California Institute of
Technology

Pasadena, California

Professor George Carrier
Division of Applied Sclences
Harvard University
Cambridge 38, Massachusetts

Commanding Officer
Diamond Ordnance Fuze
Laboratories
Washington 25, D. C.
Attn: ORDTL - 06.33

ARMY-APG, Md.-D



AD Accession No. UNCLASSIFIED
Ballistic Research laboratories, APG Projectiles - Aerodynamics
SOME ARRODYNAMIC PROPERTIES OF THREE 105MM SHELL, M1, Characteristics

T377, AND T107 - Eugene D. Boyer
BRIM Report No. 11kk4, April 1958

DA Proj 5B03-03-001, ORD Proj TB3-0108
UNCLASSIFIED Report

The drag and some yaw properties of three 105-mm shell, M1, T377 and T107
shell are presented. These data were obtained fram Tremsonic Range firings.

ProjJectiles - Stability
Projectiles - Drag

AD Accession No. UNCLASSIFIED
Ballistic Research laboratories, APG Trojectiles - Aevodynamics
SOME AERODYNAMIC PROPERTIES OF THREE 105MM SHELL. ML, Characteristics

T3T7, AND T107 - Eugene D. Boyer

BRIM Report No. 114k, April 1958

DA Proj 5B03-03-001, ORD Proj TB3-0108
UNCIASSIFIED Report

The drag and scme yaw properties of three 105-mm shell, M1, T377 and T107
shell are presented, These data were obtained from Transonic Range firings.

Projectiles - Stability
Projectiles -~ Drag

AD Accession No. UNCLASSTFIED
Ballistic Research Laboratories, APG Projectiles - Aerodynamics
SOME AFRODYRAMIC PROPERTIES OF THREE 105MM SHELL, M1, Characteristics

T37T, AND T107 - Eugene D. Boyer
BRIM Report No. 114k, April 1958

DA Proj SBC3-03-001, ORD Proj TB3-0108
UNCIASSIFIED Report

Projectiles - Stability
Projectiles - Drag

The drag and some yaw properties of three 105-mm shell, M1,
shell are presented.

T377 and T107
These data were obtained from Transonic Range firings.

AD Accession No. UNCLASSIFIED
Ballistic Research laboratories, APG Projectiles -~ Aerodynamics
SOME AERODYNAMIC PROFPERTIES OF THREE 105MM SHELL, M1, Characteristics

T377, AND T107 - Eugene D. Boyer
BRIM Report No. 1144, April 1958

DA Proj 5B03-03-001, ORD Proj TB3-0108
UNCIASSIFYED Report

The drag and some yaw properties of three 105-mm shell, M1, T377 and T107
shell are presented. These data were obtained from Transomic Range firings.

Projectiles - Stability
Projectiles - Drag




